Abstract: Seasonal diets of goats, sheep and European hares (Lepus europaeus) were examined using microhistological analysis of feces collected when these herbivores grazed together in a typical Mediterranean shrubland. Approximately half of the total diet content of goats was shrubs (mainly kermes oak, Quercus coccifera), while that of hares was grasses (mostly brush grass, Chrysopogon gryllus). Sheep had a more balanced diet consisting mainly of grasses, forbs, and shrubs. Dietary overlap between goats and sheep was high throughout the year. In contrast, there was very low dietary overlap between small ruminants and hares. Dietary diversity was high in spring and low in winter across all species, with sheep in general displaying higher dietary diversity across all seasons than goats and hares. Goats had intermediate and hares had low dietary diversity across all seasons. Communal grazing by small ruminants and hares ensures that there is a more uniform use of the available forage resources than if a single herbivore is left to graze an area.
Introduction
Shrublands constitute one of the most important terrestrial resources on Earth and are most often exploited by humans as a means of feeding domestic animals [1] . In the Mediterranean basin, kermes oak (Quercus coccifera) shrublands are widely distributed [2] and are used primarily by goats and secondarily by sheep, especially during the winter and summer months when the availability of more palatable and digestive forage is limited [3] . However, these shrublands are also a suitable habitat for numerous wild animals, including the European hare (Lepus europaeus). The European hare (hereafter hare) is among the most important game species in the continent [4] . However, hare populations have declined considerably in many European countries in the last 3-4 decades [5] . For this reason, hares are protected under Appendix III of the Bern Convention [6] . Some factors contributing to this decline include predation, disease, hunting and climatic conditions among others, but the main cause of the decrease in hare populations has been linked to agricultural intensification, which has caused a reduction in habitat quality [7] [8] [9] . It is well documented that hares thrive in early stage biotopes [10] . As a result, any factors affecting plant succession, such as livestock grazing, can also influence the hare population. Nowadays, the coexistence of domestic and wild herbivores and their interactions are of prime importance for the conservation of grazed Mediterranean shrublands and their associated wildlife [11] [12] [13] .
Some evidence suggests that livestock grazing, whether by goats, sheep, [14] or cattle [15] , is beneficial to hares due to the reduction of standing biomass, which is a key factor in habitat suitability. Vegetation height is crucial for hares, since sites with short vegetation are used as feeding grounds, whereas those with taller vegetation provide cover and are used usually in the daytime [14] [15] [16] [17] [18] . Smith et al. [8, 19] suggested that cover is potentially the determining factor influencing the selection of habitats and the movements of hares in pastures. Hence, on one hand, livestock grazing benefits hares by maintaining a low vegetation height in their feeding grounds. On the other hand, however, high grazing intensities may reduce the availability of cover for hares making them more vulnerable against predation. Since vegetation characteristics may be affected by factors such as grazing, climatic conditions, and fire among others, [11, 20, 21] , livestock grazing may function as an agent for wildlife habitat improvement. In such cases, however, the degree of similarity in diet among wild and domestic species plays a crucial role in effectively managing rangelands and conserving wildlife.
Many studies have confirmed that goats are browsers (i.e. herbivores feeding mainly on shrub biomass), consuming higher proportions of browse when shrub cover is elevated [22, 23] . Sheep are considered grazers, since they mainly consume herbaceous species, despite sometimes including a substantial amount of browse in their diets [22, 24] . Although the hare relies largely on grasses for food, its diet composition may vary markedly from one area to the next [25, 26] . Under stressful conditions, hares consume increased quantities of browse and plant biomass of very low nutritional value, such as bark, pine needles, etc. [27] [28] [29] . As all three of these herbivores are capable of adjusting their food intake according to availability [24, 28] , comparisons of their diets should be based on studies that have been conducted at the same time and site. Although a vast literature exploring the diet composition of a single species or between goats and sheep exists, there is little information available on the food preferences of hares, sheep, and goats when these three herbivores share food resources at the same time; current knowledge comes from studies conducted at different time-space axes, and may therefore not be appropriate for evaluating diet overlap among these species.
The aim of this study was to estimate the diet composition and seasonal dietary overlap among goats, sheep, and hares grazing in common on a typical Mediterranean shrubland. Evidence of niche partitioning by coexisting herbivores can be found by defining the overlap in their diets [30] . Based on the assumption that goats are generally browsers, hares consume mainly grasses, and sheep have a more diverse diet composition [e.g. 23, 24, 26] , we hypothesized that the dietary overlap and its seasonal changes between small ruminants and hares would be low. Subsequently, we predicted that diversity of the composition of sheep diet would be higher than the other two herbivores studied. Evaluating the feeding niches and seasonal diet fluctuations of all three herbivores is important for understanding their impact on forage resources and also how trophic interactions may change throughout the year.
Experimental Procedures

Study area
This study was conducted in a 300 ha shrubland (360-520 m altitude), located about 4 km north of Thessaloniki in central Macedonia, Greece (40 o 63΄N, 23 o 01΄Ε). There is no farmland in the study area and hunting is prohibited. The climate is semiarid with average annual precipitation of 416 mm, and average monthly temperatures ranging from about 5°C (January) to 26°C (July). The dry season lasts from the end of May to mid-September. The soil is shallow, low in productivity and partially degraded. The study area is grazed by goats and sheep simultaneously (ratio of goats to sheep 4:1), all year round following a traditional continuous grazing system. A gradient of utilisation intensities from moderate to light was observed. Grazing intensities were considered light or moderate when the yearly herbage production grazed was 20% and 40%, respectively [14] . The evaluated stocking rate for moderate and light grazing intensities were 0.70 and 0.36 small ruminants • ha -1 • year -1 respectively. Diet overlap between small ruminants and the European hare in a Mediterranean shrubland pellets of fresh fecal material from goats, sheep, and hares [31] were collected per site each month. When a pile of droppings was found, only 1 to 2 pellets were collected. During collection, fecal material was mixed with an equal quantity of table salt (NaCl) in order to avoid decomposition [32] .
Data collection and analysis
In the Mediterranean area, vegetation transitions roughly follow the northern hemisphere calendar seasons (winter: December-February, spring: MarchMay, summer: June-August, autumn: SeptemberNovember), and seasonal diet of the three herbivores was defined using these months. Since a previous study has shown that the variability of monthly diets of each herbivore feeding in the same shrubland was minimal, the subsamples of each site were mixed into composite samples for each herbivore and for each season [33] . In total, 60 composite samples (3 species X 4 seasons X 5 sites) were analyzed for all herbivores during the study. Although analyzing composite fecal samples may result in a loss of information concerning variability within seasons, such an approach has the benefit of reducing costs as well as improving sampling efficiency [34] . Furthermore, our goal was to estimate the seasonal proportions of each food item for each herbivore rather than their variability within seasons. The composite samples were oven-dried at 105 o C for 24 h, ground through a 1-mm screen, and mixed to ensure homogeneity. Five slides of each composite sample were prepared. For each slide, 20 fields, measured as the area delineated by a microscope using 100X magnification, were examined and all recognizable fragments recorded. Diet composition was determined by microscopic analysis of a composite sample at 100X, and in some cases 200X magnification, using the frequency addition procedure: the frequency of each species was divided by the total frequency for all species [35] . Hairs and trichomes were disregarded unless they were attached to identified epidermal tissue. Across all three species, an average of 343 particles per slide (range 314-403) were identified.
Reference slides of 127 plant species observed in the study area were prepared for comparative purposes: various parts of the plant including the stems, flowers and fruits were collected and mounted. Each plant species was assigned to one of the following forage classes: (1) shrubs, (2) grasses, (3) legumes (i.e. at the herb layer) and (4) non-leguminous forbs (hereafter forbs).
The Shannon-Wiener diversity index was used to calculate diet diversity for each animal species and season [30] . Diet overlap of all the identified plant species was estimated using the Horn overlap index R o [32] . Horn's index is considered the least biased when measuring niche overlap between herbivores using microhistological analysis of faeces to estimate diet composition [29] . Overlap coefficients higher than 0.6 are considered to represent biologically significant overlap [36, 37] .
A two-way, non-parametric analysis of variance (2-way ANOVA, Scheirer-Ray-Hare extension of the Kruskal-Wallis test using rank data) was applied to the dietary proportions of each forage class in order to detect significant differences among herbivores and seasons [38] . Where significant effects were found, Mann-Whitney U-tests, corrected with the sequential Bonferroni test [46] , were applied to examine differences between pairs of treatments. A 2-way ANOVA was used to evaluate the differences between the plant diversity indices for the tested herbivores in each season [38] . Animal species and seasons were treated as fixed factors. In order to verify the homogeneity of variances, Levene's test was performed prior to the analysis. Mean differences were evaluated with Tukey's HSD. In all tests, a significant statistical difference was assumed when P<0.05. Spearman's rank order correlation coefficient was used to evaluate the correlations in diet composition between all pairs of herbivores studied [39] .
Results
A significant effect of herbivore species on the proportion of forage class consumed was detected (Kruskal-Wallis 2-way ANOVA, shrubs: H=26. U-test) showed that the proportion of browse was significantly higher in the diet of goats than in sheep (U=22.0, P<0.001), and in the diet of sheep than in hares (U=1.0, P<0.001). More grasses were found in the diet of hares than in sheep (U<0.1, P<0.001). The proportion of grasses in the diet of goats was significantly lower than in sheep (U=39.5, P<0.001). Sheep consumed significantly more legumes than goats (U=50.0, P<0.001) and hares (U=80.0, P<0.01). There was no significant difference in the proportion of legumes found in the diets of goats and hares (U=133.0, P>0.75). Goats consumed significantly less forbs than either sheep (U=4.5, P<0.001) or hares (U=64.5, P<0.01). However, there were no significant differences detected between sheep and hares (U=117.5, P>0.25). Goats consumed significantly less forbs than both sheep (U=4.5, P<0.001) and hares (U=64.5, P<0.01), but no significant differences were detected between sheep and hares (U=117.5, P>0.25).
The principal foods were browse for goats (43.9-63.6% depending on the season), grasses (27.1-38.1%), forbs (12.5-20.4%), and browse (20.9-45.8%) for sheep, and grasses (49.3-68.7%) for hares (Figure 1a-d 
Goats
Sheep Hares The highest dietary diversity was observed in spring, which was significantly higher than in autumn and winter (P<0.001). The differences in dietary diversity indices between spring and summer was marginally significant (P=0.049). There was no significant interaction between herbivores and season (F=1.547, d.f.=6, 60, P<0.183) . Approximately 30 different plant species were identified in the hare feces, and about 40 plant species were identified in both of the farm animals, (Appendix 1).
All seasonal dietary overlap correlation coefficients between small ruminants were positive and highly significantly (P<0.05, Table 2 ). In contrast, there was a very low degree of overlap in all seasons between the diets of the hare and either of the farm animals ( Table 2) . Almost 90% of the plant species were common in the diets of goats and sheep, but only 60% between hares and either goats or sheep (Appendix 1).
Discussion
The results of this study are consistent with other studies conducted in the Mediterranean zone: the diets of goats and hares consist mainly of shrubs and grasses respectively, whereas sheep have a more balanced diet [17, 23, 24, 40] . However, there was a low percentage of forbs and legumes in the diets of goats and hares, and to a lesser extent in sheep. Forbs and legumes are usually more nutritious and easily digestible than grasses and shrubs [1, 41, 42] and the different digestibilities of forage groups may bias potential estimates of herbivore diets [43, 44] . Despite this bias, many studies consider microhistological analysis of faeces to be an accurate and precise method of qualifying herbaceous plant intake and species composition [41, 45, 46] . In this study, it was assumed that highly digestible or poorly identifiable forages would be underestimated in all diets, thus the comparison of the animals' diets would not be significantly influenced by differential digestion or identification [35] .
Although there is high dietary overlap between goats and sheep, their foraging behaviour differs in many aspects, including the frequency of bipedal standing, mobility of leaps, browsing -grazing [47] , which are very likely to lead to differences in their diet composition and impacts on vegetation. More specifically, bipedal standing enables goats to consume browse that is not accessible to sheep. Furthermore, sheep have a less mobile mouth than goats, and are therefore less capable of selecting plant items [48, 49] . Sheep are also less capable of consuming kermes oak due to the mechanical and chemical defenses (spines, tannin content, etc.) that the tree has developed against herbivores: goats have evolved the ability to more efficiently digest these substances [50, 51] . Consistent with previous studies, goats were more dependent on browse, while legumes and forbs constituted a more substantial component of the diet of sheep [22] [23] [24] . Therefore, the coexistence of sheep and goats in Mediterranean shrublands does not appear to be limited by the dietary needs of the two animals.
The low seasonal dietary overlap between livestock and hares could be due the low consumption of brush grass (the main food resource for hares) by the farm animals, and the lack of consumption of kermes oak (the principal food of goats and to a lesser extent of sheep) by hares. Although these diverging preferences may originate from the morphological and physiological differences among these animals, it is also possible that food partitioning has evolved between these herbivores in Mediterranean shrublands. Theoretically, the overlap in their diets should become more substantial during conditions of high grazing intensity, since, according to optimal foraging theory, animals are less selective in their resource use in times of food scarcity [52] . In such cases, the availability of preferred plant species for livestock is reduced, forcing goats and sheep to consume higher quantities of plant species that are less palatable, but which may be used as a food resource by hares. In such cases, the availability of preferred plant species for the livestock is reduced; thus goats and sheep would be forced to consume higher quantities of less and non-preferable plant species, which would be otherwise consumed by hares. Therefore, in cases of overgrazing, the dietary overlap between the involved species is likely to increase. The results of the present study clearly confirm that in this typical Mediterranean shrubland, the feeding niches of livestock and hares are quite distinct throughout the year. The highest dietary breadth for all herbivores was found in spring, when the availability of more palatable and digestible forage is usually elevated in Mediterranean shrublands [51, 53] . According to optimal foraging theory, animals select foods that maximize their net rate of energy gain [52, 54] . When making foraging decisions, such as the selection of food patches, a vulnerable herbivore like the hare needs to evaluate not only the potential benefits (energy gains), but also the costs (elevated predation risk) of any action [52, [55] [56] [57] . The observed differences in the diet diversity indices among herbivores can be attributed to the dominance of shrubs and grasses in the diets of goats and hares respectively. The smaller number of plant species consumed by hares in relation to livestock provides further support for the hypothesis that the hare is a more specialist feeder due to its smaller mouth and overall body size [29] . Based on visual observations in the study area, it appeared that the smaller bite capacity of hares contained only one species of plant, whereas the larger bite capacity of livestock could contain a number of different plant species.
In the study area, hares predominantly used the most intensively grazed grassland sites with the lowest vegetation height as feeding places, whereas ungrazed herbage stands and particularly the dense kermes oak stands were used almost exclusively for shelter [14, 17] . It is therefore possible that in the absence of livestock grazing, the feeding biotope of hares may be drastically deteriorated, since the landscape will eventually grow to become dense trees and undergrowth [58] . Since kermes oak biomass constitutes the primary food of goats and a substantial part of the diets of sheep, the control of growth and expansion of kermes oak stands can be achieved, at least in part, through intensive grazing primarily by goats and secondarily by sheep [59] . The findings of this study, which show the dissimilarity in the diets of small ruminant livestock and hares, suggest that common grazing by these animals promotes a more efficient utilization of the available forage resources than single-species grazing. Since the study area represents a typical Mediterranean shrubland, these farming approaches can be applied to decision-making strategies for range and wildlife management over wide areas of southern Europe, northern Africa. In order for these assumptions to be further validated, future research needs to address questions such as: a) what changes in the overlap and breadth of the herbivores' niches may result from overgrazing; b) what is the most appropriate mix of livestock species; c) what is the optimum grazing capacity level; and d) which grazing system is the best under the given environmental conditions.
